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This invention relates to image-reproducing
systerns, and more particularly it relates to the
reproduction of television images in color.

A principal object of the invention is to provide
an improved arrangement for converting received
television signals into the desired colored repro-
ductions.

Another object is to provide a television receiv-~
ing tube of the cathode ray beam type having an
image screen comprised of a series of adjacent
elements of different color response, and simpli-

fied means for registering the cathode ray beam

successively with the proper elements.

A further object is to provide a television re-
celving tube having a tri-color strip viewing
screen and in addition to the usual main horizon-

tal and vertical deflecting controls, there is pro--

vided separate means for subjecting the scanning
spot to a signal-controlled subsidiary deflection.

A feature of the invention relates to a televi~
sion receiving tube wherein the viewing screen is
composed of a series of adjacent parallel linear
strips arranged in sets, with the strips of each set
desighed to produce different light color re-
sponses when scanned by a focussed cathode ray
beam: and a novel magnetic coil construction is
provided for subjecting the spot during each
linear sweep to a signal-controlled subsidiary de-
flection to register it with the proper colored
strip of the screen.

Another feature relates to a cathode ray tube
for color television, wherein the viewing screen
comprises a fluorescent coating designed with
adjacent linear elements each composed of at
least three strips of different primary color re-
sponse, and a grid electrode for controlling the
dimensions of the focussed beam so that it strikes
the screen in an elemental spot which has the
same width as one of said strips; and a special
magnetic field producing means is located adja~
cent the screen to control the subsidiary deflec-
tion of the beam.

The above-mentioned and other features and
objects of this invention and the manner of at-
taining them will become more apparent, and the
invention itself will be best understood, by refer-
ence to the following description of an embodi-
ment of the invention taken in conjunction with
the accompanying drawings, wherein:

Fig. 1 is a top plan view, partly sectional, of a
television tube embodying the invention. .

Fig. 2 is a right-hand end view of Fig. 1 with
part of the viewing screen broken away to show
its construction more clearly.

Pig. 3 is a greatly magnified view of part of
Fig. 1. .
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2

Fig, 4 is a greatly magnified view similar to
that of Fig. 3, but showing an alternative control
of the dimensions of the scanning spot.

Fig. 5 is a magnified view similar to that of
Fig. 3, showing the subsidiary deflection control
magnet according to the invention.

Fig. 6 shows one preferred manner of forming
the spaced grid wires according to the invention.

Tig. 7 shows the graph of current pulses for
controlling the subsidiary beam deflection.

Figs. 8, 9 and 10 are respective modifications of
the invention.

The tube according to the invention comprises
the usual enclosing evacuated envelope consisting
of the neck portion I, the flared body portion 2,
and the screen or viewing portion 3. Suitably
mounted within the neck { is anhy well-known
form of electron gun and beam-focussing elec-
trode array, comprising, for example, the usual
electron-emitting cathode 4; the control grid or
prilliancy control electrode 5; flrst accelerating
anode 6; and second accelerating anode 7. In
addition, there are the horizontal beam deflector
plates 8, 9; the vertical deflector plates 10, I1;
and the usual conductive coating 12 which may
be applied to the interior surface of the flared
body portion and connected to the high potential
end of the D. C. power supply 13. It will be un-
derstood, of course, that the anodes 6 and 1 are
likewise connected to suitable points on the sup-
ply 13. In the usual way, the horizontal deflector
plates 8, 9, are excited with the saw-tooth de-
flecting voltage from any well-known source i4;
and the vertical deflector plates (0, 1f, are ex-
cited from the usual vertical deflection voltage
source i5.

Suitably anchored or fastened interiorly of the
tube adjacent the portion 3 is a light-transmit-
ting sheet 16 of glass or mica. In one embodi-
ment the sheet i6 has cemented to one side by a
suitable transparent cement such as sodium sili-
cate, a series of sets of adjacent parallel linear
glass strips or slabs, each set consisting of three
such slabs and with the slabs of each set of a dif-
ferent light color filter glass. Thus as schemati-

eally shown in Fig. 2, each set comprises a red

filter strip {7, a green filter strip {8, and a blue
filter strip 19. Merely for illustrative purposes,
these strips are shown as extending in a vertical
direction, for example perpendicular to the plane
of the drawing as seen in Pig. 1.

The surface of the assembled light filter strips
on the side facing the electron gun is coated with
any suitable fluorescent material 20, such as is
conventionally used in cathode ray tube screens.
Preferably, although not necessarily, this fluores=-
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cent coating is of a kind which emits white light
when scanned by the cathode ray beam. Prefer-
ably, the fluorescent coating 20 is itself coated
on the side facing the electron gun with a layer
of a conductive metal 21, for example aluminum
of sufficient, thinness to be transparent to the
electrons in thée cathode ray beam: .. L

Ordinarily in black and white television tubes,
the cathode ray beam would be focussed so that
it strikes the viewing screen in a spot 22 which
has a width equal to the width of each linsaf
trace; and if the linear elements are straight,
the scanning spot would eXecité & Straight iifie
trace along the length of each Such element. In
the tube according to this invention, the scan-
ning spot 22¢ is focussed and controlléd 36 that
its width at the surface of the screen is one-
third the width of each tri-color strip, that is to
say, its width is equal to the width of each in-
dividiial color filker strip 11, i8, 19, éte, It the
réceived teleyision signals represent thé same
color throughout the léhgth of eath vertical
tfage, then theé spot 22¢ executes a strajght line
itiovement from orie end of the Strip to the other.

For example, if the picturé being transmitted is
Ted over its entire surface, the scanhing spot will

114 the red strip of the first tri-color set linéav-
ly throughott its length, 4nd then it will be de-
flected by the main horizontal deflector plates
8,9, to register with theé next red strib of the sue-
ceeding fri-color sef. If, however, the color of

a scanned linear element at the trahsmitter
changes at any point between the ‘énds thereof,

It becomes recessary 0 give the Sbot 22¢ a Sub-
sidiary_horizontal incremental deflection while
it is executing its vertical Scanning movement
50 a5 t0 bring the Spot 224 into registiy with the
appropriate color filter stiip of the tri-color set
which is being scanned. In accordance with the
invention, this subsidiary deflection i effected
by setting-up a magnetic field closely adjacent
the viewing screen and arranging its intensity
and direction to cause the required subsidiaiy
defléction of the feanning spot 22a,

. In order to control the width of the spot 22a
With Telation 0 the Width of the individual color
Meht filter strips, there is interposed in fiont of
s : )

‘the scréen, on the gun side théreof, a grid ein-
Ber 23 comprising g Series of parallél spaced hiie
_Wirés 28, the ‘gtid being mounted so that these
Wirés extend parallel to the length of 'the color
flter strips 17, 18, 19, etc. There is shown in
Fig, 3, in giéatly magnified form, a ‘poftion of
‘theé tube and wherein the focussed beain ‘from the
electyon gun is represented by the niimeral 25.
The beam, ‘as it aftivés at ‘the gfid 28, has a
width approximately ‘equal to the distance be-
tween ‘the ‘centers of two adjacent grid wWires.
For example, the Wires 24 ay have ‘a diatheter
- Or'width of 0.01 {iich and spaced apart 0.005 inoh.
As a réstlt, the bieéam 25, as it strikes the screen,
‘has its width teduced by, two-thirds, so that it
15 equal in width to the color filter strips dach of
Which i5 0.005 irich Wide.
.. In order to iisure ‘that the béam 25 aftér it
peisses th grid 23 Terifains of unifoim Width and
{ree from spreading, ‘the ‘grid 23 ‘should be lo-
cated very close to the screen. For example, the
distance d (Figs. 1°and 3) may be one-quarter
inch, and since the ‘electron ‘gun ‘is usually lo-
‘cated ‘at least eight or ten ‘inches from the gun,
‘the emergent ‘beam 26 does not ‘appreciably
spread by the time it feaches the viewing Screen.
. If desired, the grid wires 24 ¢an be of smallér
‘'width or diamieter ‘And ‘spaced fiirther ‘apart, so
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4
as to permit a greater quantity of electrons to pass
between adjacent grid wires, and in order to con-
trol the width of the spot 22¢ = relatively small
potential can be applied to the grid wires 23 so
as to render them slightly negative with respect
to the eoating 21, which eoating is connected to
Substantially thé samé high positive D. C. po-
tential as that of the coating (2. This forms
curved equi-potential lines between adjacent
grid wires, as shown in the dotted lines of Fig.
4, wilich tend to make the emergent beam 26
convergent and then divergent to the required
extent; o that it stiikes the screen in the spot
22a of the desired width. It will be understood,
of course, that in the embodiment of Fig. 4 the
distanéeé bétween the centers of adjacent grid
wires is the same as the distance between the
centers of the grid wires of Fig. 3, and in each
case, the number of grid wires employed will be
Ofé o thanh the number of tii-color filter
strips on the séréen. Th other words, there will
be the saifie numbér of linkar gfid Spacifigs or
opénings &s theéve ale triscolor sets of elements
on the Sereeh. Cohsequently, as the beam 2%
is defiécted ih theé direction of the airows (Fig.
3 or 4), under control of the main defléctor
platés 8, 9, it tends to scan the Hist color strip
of ‘¢ach triZcolor set, 4s represented by the dot-
dash lined positions of the beam 26 as shown in
Figs. 3 and 4. However, if the emevgent beath 26
s given a subsidiaiy defléction, as will be de-
scribed, it Will scan the second or third color
Strip of each Set, depending upoh ‘the siznal that
is received. ) . ] o

For example, when the subsidiary deflecting
sighal i5at & median valde, thie beam 26 will sean
a Ted §trip; When it is below the ‘median valie it
Wwill be deflétted 56 a3 to Scan -a blile §trip; gnd
when it is abdve its mediah value it Will scan a
green strip. Preferably, the Subsidiary or color
control deflection signal is in the Torm of
square-topped waves as illusitated in Fip. 7.
Since cireuit arrangeinents sie well-khown for
producing such square-topped waves, detailed
description thereof is not necessary -herein. In
Fig. 17, the voltages for ‘the respective colors are
indicated, and the point P oi1 the voltage ordi-
nates may be either zero or it'may be some steady
value above zero voltage. . L
. In‘order to control the subsidiary deflection
of the beam, there is mounted within the cath-
ode-ray tube a coil 27 for -producing the required
magnetic fleld having ‘the desired deflection
characteristics. Thus, as -shown in Fig. 5, this
«coil 21 may consist of a fine wire of the.order of
.0.004 inch or less, wound helically around a glass
plate 28 Which may have a_thickness of about
0.375 -inch. The ‘tirns of the coil 27 may be
wound at a pitch of -16 turns to the inch. As
showh in Fig. b, the magnetic axis of the coil ex-
tends -perpendicular to the.plane 0} the drawing
so that ‘the résultant magnetic field is perpen-
dicular to the trajectory of the-electron beam 28,
.and ‘therefore results ina sidewise deflection of
the énd of the beam, also as indicated. in Fig. 5.
_THe glass block 28 With Its ‘coil 27 “is suitably
mioutited within tHe ¢dtliode-ray tube ¢losely ad-
Jacent the viewing ehd '3 ‘of ‘the “tibe and also
closely ‘adjacent ‘the niica plate 18, so that the
picture can be ‘viewed ‘through thie ‘turhs of ‘the
winding 27, ‘biit ‘the "wire ‘of ‘this winding is of
such small size that it ‘does not interfere with the
visibility of the reproduced image. The erds of

‘the ¢oil ‘21 are’ connected to suitable lead-in con-

ductors 29, 30, which are supplied with the §ub-
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sidiary deflection voltage above described, and
present at the output of the television receiver 38.

The magnetic field of the coil 27 looking
towards the electron gun decreases approximately
ag the first power of the distance from the coil
when very short distances therefrom are consid~
ered. For distances approximating the thickness
of the plate 28, for example 0.375 inch, the mag-
netic field intensity decreases as the second power
of the distance. Beyond this point, the intensity
of the magnetic field gradually decreases to the
third power of the distance. Therefore, it is
possible to set up a magnetic field which has the
required intensity to effect the required subsidiary

deflection of the beam 26 adjacent the reproduc-

ing sereen, but the effect of this beam beyond the
grid 23, lcoking towards the electron gun, can be
neglected. In other words, the subsidiary de-
flection to control the color reproduction has
negligible effect upon the main deflecting flelds
of the plates 8, 9, 18, 11,

Preferably at the transmitter the picture is
scanned in successive full linear elements for one
color and then it is re-scanned successively along
each linear element for the remaining primary
colors. Thus, during the red color analysis at
the transmitter, there will be produced signals
which ecause the beam 26 to scan each full red
linear strip of the fluorescent screen at the re-
ceiver. When the picture at the transmitter is
being secanned for blue, the beam 26 will scan
the blue strips of the reproducing screen, and
likewise for the green scannings. With such an
arrangement, the main horizontal scanning rate
of the beam 26 may be 48,600. On this assump-
tion then, the fundamental frequency of the
waves (Fig. 7) which control the subsidiary de-
Aection, will be approximately 16,000,

Preferably, the reproducing screen 31 which
comprises the mica vlate i6a with its attached
color filter strips, fluorescent coating and electron
permeable coating, is flat or planar in shape; and
likewise the grid 23 is flat and its plane parallel
to that of the reproducing screen. Sinecg, how-
ever, the beam 26 does not impinge on the screen
31 always at an angle of 90°, this may be com-
pensated for by making the color filter strips 11,
18, 19, ete. a little wider as they approach the
edges of the screen.

Since the spacing of the grid wires 24 is of
great importance, there is illustrated in Fig. 6
one preferred manner of fabricating these wires
so as to preserve the proper inter-wire spacing.
The grid wire of the desired diameter or thickness
is first wound on a form of appropriate shape.
During this winding operation, the wire 2§ is
nicked or swaged outwardly at about every inch
of its length just before it is applied or wound
on %o the form. This nicking or swaging results
in a flattening of the wire for a short distance,
which provides an integral spacing tab or lug 32.
These lugs abut against the next adjacent turn,
thus making sure that all the turns are properly
held in spaced relation. As an additional pre-
caution, and in order to control the accurate size
of the lug 3%, the wire 24 may be run through a
groove hefore laying down on the winding form
in order to hold within the desired limits the
protruding length of the said lugs 82.

Yhile in the foregoing embodiments the grid
23 ig located relatively closely to the screen 231,
for example 0.25 inch, there is shown in Fig. 8
an arrangement wherein this grid 23 can be lo-
cated at a much greater distance from the repro-
ducing screen 3i. For example, in the embodi-
ment of Fig. 8, the grid 23 can be located as much
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as 2 inches from the screen 31.  Surréunding the
flared portion 2 of the fube in the region between
the grid 23 and the sereen. 81, is any well-known
focussing “coil 83. This focussing c¢oil is suit-
ably energized so that the electron image which
i formed between the wires of the grid 23 by the
scanning movement of beam 25, is focussed at its
terminating end to the appropriate size and shape
on the said screen 31. Instead of mounting the
subsidiary deflecting coil interiorly of the cath-
ode-ray tube, it may be located exteriorly of the
tube adjacent the viewing end 3 thereof. This
coil may consist of a winding 27 on a transparent
support or glass block 28. In Fig. 8, the tube is
shown in top-plan view, wherein the linear color
filter strips of the screen 31 are shown as extend-
ing perpendicular to the plane of the drawing.
Therefore, the winding 21 is arranged so that its
magnetic axis extends parallel fo the length of
its color filter strips, namely perpendicular to the
plane of the drawing. Since the grid 23 is now
located a considerable distance away from the
screen 31, it is possible to locate the subsidiary de-
flecting coil 27 outside the tube. This has some
advantage in reducing the cost of assembly and
manufacture of the tube ifself. It has the addi-
tional advaniage that it is possible to subject the
electrons of the beam emerging from the grid 23,
to an additional accelerating and focussing action
hetween that grid and the reproducing screen 3i.
Thus, by separating the subsidiary deflecting re-
gion effected by coil 27 from the electron ac-
celerating region, & substantial saving in manu-
facturing cost of the deflecting equipment can be
obtained.

Fig. 9 shows & further modification of Figs. 1
to 5, wherein the subsidiary deflecting coil has
half of its winding inside the cathode-ray tube
and half of this winding outside the cathode-ray
tube. In this case the 16-turns-per-inch con-
ductors 21a of the portion of the coil inside of
the tube are connected in parallel, and provided.
with common lead-ins 34, 84a. This permits a
greater separation between the conductors inside:
the tube and the conductors outside the tube and.
results in less volt amperes being required to ef--
fect the subsidiary deflection of the beam.

While in the foregoing, the reproducing screen:
has been described as consisting of a transparent.
backing plate which carries on one side a series:
of color light filter strips, it will be understood:
that a screen such as disclosed in my co-pending
application Serial No. 31,325, filed on even date
herewith, can be employed. Such a screen is
illustrated in Fig. 10 and consists of a transparent
backing plate 35 of mica or glass, the side of which
facing the electron gun is coated with adjacent
strips of fluorescent material 3%a, 360, 36¢, each
strip having a different fluorescent response, and
corresponding to a respective one of the three pri-
mary colors, when bombarded by the cathode-ray
beam. Thus, the sirips 36a¢ can be of a red
fluorescing material; strips 360 of a blue fluores-
cing material; and strips 36c of a green fluores-
cing material. This tri-color fluorescent strip
coating can then be provided with a coating 37 of
aluminum of sufficient thinness as to be per-
meable to the electrons in the cathode-ray beam.
For a detailed description of such a sereen and
preferred methods of making it, reference may be
had to my co-pending application Serial No.
31.325. filed on even date herewith.

While I have described above the principles
of my invention in connection with specific ap-
paratus, it is to be clearly understood that this
description is made only by way of example and
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not as a limitation to the scope of my invention.

What is claimed is:

1. Apparatus for producing color images,
comprising an image reproducing screen having
its area divided into sets of different color re-
sponsive strips, means to develop a scanning
cathode-ray beam, means ta deflect said beam
in a predetermined scanning pattern over said
screen independently of color variations, means
between said deflecting means and said screen
for focussing said beam on one strip at a time
and other means adjacent. said screen to cause
said beam o execute subsidiary deflections:along
each scanning pattern trace and in accordance
with received color- control signals, said screen
being located adjacent one end of a cathode-ray:
tube envelope, and said means: to develop the
cathode-ray beam including an electron gun lo-
cated adjacent the other end of said envelope,
and said other means including a magnetic field
producing coil mounted within said-envelope ad-
jacent said screen on the side remote: from said
gun,

2. Apparatus fer producing color images, com-
prising an image reproducing screen having its
area divided into sets of different color respon--
sive strips, means to develop: a scanning: cath-
ode-ray beam, means. to deflect said beam in a.
predetermined scanning pattern over said-screen
independently- of- color: variations, means be-
tween said- deflecting means and said screen for
focussing said beam on one strip at a time and
other means adjacent said screen to cause said
beam to execute subsidiary defiections along-
each scanning pattern trace and in accordance:
with received color- control signals; said: other
means comprising a plate of light -transmitting
material having g coil wound therearound to
produce a magnetic field which is- mutually per-
pendicular to the cathode-ray beam trajectory
and the direction of said: subsidiary beam- de-
flection.

3. Apparatus for producing color images, com-
brising an image reproducing screen having its
area, divided- into  sets of different color respon-
sive strips, means to develop a scanning cathode-
ray beam, means to deflect said beam in a pre-
determined- scanning pattern over said screen
independently of  color variations, means be-
tween said- deflecting means and said screen for
focussing said beam on one strip at a time and
other méans adjacent said screen to cause said.
beam to execute subsidiary deflections along
each scanning pattern trace and in accordance

with received color control signals, said screen.

being lecated adjacent one end of a_cathode-ray
tube envelope, and said means to develop the
cathode-ray beam including an electron gun lo-
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cated adjacent the other end of said envelope,
and said other means including a magnetic field
producing coil mounted external to said envelope
adjacent said screen on the side remote from
said gun, and a plate of light transmitting ma-
terial located outside said envelope on the side
of screen remote from said gun, said coil being
wound about said plate.

4. Apparatus for producing color images, com-
prising a cathode-ray tube having an electron
gun for developing a focussed cathode-ray beam,
a. viewing screen inside said tube and compris-
ing a mica plate having its side facing the gun
provided with a series of sets of adjacent light
filter- glass strips, the strips of each set having
respective primary color filter characteristics, a

‘coating of fluorescent material on said strips

facing the gun, g glass plate carrying a fine wire
coil and mounted adjacent said mica plate on
the: side remote from said gun, a grid within
said tube for confining the beam as it strikes
said screen to a width equal to the color filter
strip width, and means to energize said coil by
color-control signals to cause said beam to selec-
tively register with the desired one of the color
filter strips in a set.

5. Apparatus according to claim 4 in which
said grid is mounted closely adjacent said sereen,
and said glass plate and coil are mounted within
said tube between said screen and the viewihg
end wall of said tube,

6. Apparatus sccording to claim 4 in which
said grid is mounted in substantia] spaced rela-
tion to said screen, and said glass plate and coil
are mounted external to' said tube adjacent the.
viewing end wall thereof, and beam~focussing
means: are provided for focussing the bzam
emerging through said grid on said screen.

LOUIS W. PARKER.
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